Purpose Survivors of adolescent and young adult (AYA) cancer may engage in unhealthy lifestyles (e.g., smoking), potentially heightening their risk for long-term health problems. We assessed health behaviors and constructs including quality of life (QOL) and psychosocial well-being among survivors of AYA cancer compared to the general population. Methods We used 2009 Behavioral Risk Factor Surveillance System data to evaluate health behaviors for survivors of AYA cancer compared to AYAs without cancer. Multivariable regressions assessed health behaviors (smoking, binge drinking, physical inactivity, and low fruit/vegetable intake) by sex and age between AYA survivors and controls, and among survivors to determine the effects of demographic, QOL, psychosocial, and cancer factors on behaviors.
psychological development, potentially leading to diminished quality of life (QOL) following treatment [5, 6] .
In 2012, the National Comprehensive Cancer Network released clinical practice guidelines that specifically focus on the management of risky health behaviors for AYAs with cancer [7] . However, little is known about modifiable health behaviors such as smoking, alcohol use, physical activity, and low fruit/vegetable intake among survivors of AYA cancers. While some studies report that survivors of AYA cancer have a higher incidence of smoking than the general population [5] , others suggest survivors are less likely to smoke [8] . Also, the majority of survivors of AYA cancer may not be adherent to national guidelines on fruit/vegetable intake and physical activity [5, 8] . These modifiable health behaviors may affect an AYA's risk for subsequent chronic health problems including second cancers [9] .
Using national data from the Behavioral Risk Factor Surveillance System (BRFSS), we report on health behaviors (current smoking, binge drinking, low physical activity, and low fruit/vegetable intake) among survivors of AYA cancer diagnosed ages 15 to 39 compared to AYAs without a cancer history. As survivors of AYA cancer experience poorer QOL compared to those without cancer [5, 6, 10] , we extend on an earlier BRFSS report on AYAs with cancer [5] to investigate the link between health behaviors and QOL, as well as other important factors such as psychosocial health. Our analyses also provide an account of health behaviors among AYAs diagnosed throughout the full age range of 15 to 39 years, as the 30 to 39 age range has not always been included in earlier studies. We hypothesized that survivors of AYA cancer would be less likely to meet national recommendations for modifiable health behaviors compared to controls, and that these differences would persist across age. We also hypothesized that certain survivors (i.e., those with poor QOL, low levels of social/emotional support, or further from diagnosis) would have poorer health behavior adherence and investigated these differences by sex.
Methods
Conducted annually, BRFSS is a nationally representative computer-assisted survey implemented in the USA, Puerto Rico, Guam, and the Virgin Islands (www.cdc.gov/brfss). BRFSS uses random-digit telephone dialing methods to sample non-institutionalized adults aged ≥18 years. A total of 432,607 individuals participated in the 2009 BRFSS for a response rate of 53 % [11] . Secondary data analyses of publicly available data are considered exempt by the University of Utah Institutional Review Board.
Participants
We limited our sample to the N=424,592 US participants. Individuals with cancer were identified from the question, BHave you ever been told by a doctor, nurse, or other health professional that you had cancer?^The test-retest reliability for this question is high (k=0.91) [12] . Participants indicating a cancer history were asked the age at diagnosis of their first primary cancer. We excluded those with a cancer diagnosis aged <15 or ≥40 years (N=48,134). Additional exclusions included the following: missing cancer information (N=24, 974), unknown diagnosis age or current age (N=6231), and diagnosis of non-melanoma skin cancer (N=2119). Those who were less than 5 years from diagnosis were also excluded (N=756). Based on our inclusion criteria, there were N=7619 participants with cancer diagnosed aged 15 to 39 and N=334, 759 controls with no cancer history.
Measures Health behavior outcome measures
Current smoking was defined as those smoking some/every day vs. those who did not currently smoke. Binge drinking was categorized for males as having ≥5 drinks/females as having ≥4 drinks on one occasion vs. those who drank alcohol less frequently [13] . Using the validated BRFSS physical activity measure [14] , we defined low moderate leisure-time physical activity as <30 min/day for ≥5 days per week vs. ≥30 min/day for ≥5 days per week [15] . Low fruit/vegetable intake was grouped as <5 fruits or vegetables per day vs. meeting recommendations of ≥5 servings of fruits and vegetables per day per Center for Disease Control (CDC) guidelines [16] .
Demographic and cancer
Demographic factors included sex (female vs. male), age at survey (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) 30 -39, 40-64, ≥65), race (non-Hispanic White, non-Hispanic Black, Hispanic/Latino, non-Hispanic other race, non-Hispanic multiracial), and health insurance status (insured vs. uninsured). Among survivors, cancer factors included diagnoses such as breast, thyroid, melanoma, colorectal, Hodgkin's, non-Hodgkin's, testicular, bone, brain, leukemia, cervical, ovarian, endometrial, and other cancers (i.e., stomach, bladder, pancreatic, esophageal, and lung), number of cancer diagnoses (1 vs. ≥2), age at diagnosis (15-20, 21-29, 30-39) , and years since diagnosis (5-10, 11-20, 21-29, ≥30).
Quality of life and psychosocial health
QOL measures were from the CDC Health-Related QOL measures that included self-reported poor general health status (fair/poor health vs. good/very good health) and ≥15 days per month of poor physical or mental health vs. <15 days per month of poor physical or mental health, for both [17] . Psychosocial health measures included poor social/emotional support (sometime/rarely/never receiving adequate social/ emotional support vs. always/usually receiving adequate social/emotional support) and poor life satisfaction (dissatisfied/very dissatisfied vs. very satisfied/satisfied).
Statistical analysis
Descriptive statistics of raw counts and BRFSS survey design weight-adjusted proportions were calculated for demographic, QOL, and psychosocial health factors categorized by sex for survivors of AYA cancer and controls. For survivors, raw counts and BRFSS weight-adjusted proportions were calculated for the cancer diagnosis, number of cancer diagnoses, age at diagnosis, and years since diagnosis.
Statistical analyses considered the four dichotomous unhealthy behavioral outcomes described previously. We estimated adjusted percentages of subjects with unhealthy behaviors by sex after adjustment for age (as a continuous variable within each age group) and race for each of six groups defined by age category (20-39, 40-64, ≥65 years) and cohort (cancer survivors and controls). The adjusted percentages were estimated by fitting separate logistic regression models relating the unhealthy behaviors to sex within each of the indicated groups with covariate adjustment for age and race, using the method of marginal standardization [18] , while taking into account the complex survey sampling design.
Multivariable Poisson regression analyses were applied among the cancer survivors to jointly relate each behavior to the following predictor variables: age at survey category, race/ethnicity, health insurance, health status, days per month of poor physical health, days per month of poor mental health, level of social/emotional support, and life satisfaction. We also ran similar models for the controls to evaluate whether predictors of health behaviors differed from the predictors that were significant in the survivor models.
Last, among survivors, Poisson regressions were used to relate each health behavior outcome to cancer diagnosis, age at diagnosis, and years since diagnosis while controlling for age (as a continuous variable) and race, with separate models fit for each outcome and predictor variable. The Poisson regression analyses were performed separately for males and females, utilized robust standard errors while accounting for the complex survey sampling design [19] , and are reported as relative risks (RR) with 95 % confidence intervals (CI). All data were analyzed using appropriate procedures in SAS 9. StataCorp LP). p values were two-sided, with p<0.05 considered significant.
Results
Demographics, cancer characteristics, QOL, and psychosocial health
The majority of participants were 40 to 64 years old with more survivors in this age group for both females (survivors 60.8 % vs. controls 45.4 %) and males (66.7 % vs. 48.0 %; Table 1 ). Most participants were non-Hispanic, White. Overall, more than 80 % of participants had some form of health insurance. Common cancer diagnoses for female survivors included cervical (38.4 %), breast (13.3 %), ovarian (8.5 %), and melanoma (8.5 %), and for males, melanoma (23.1 %), testicular (14.6 %), and Hodgkin's lymphoma (7.2 %).
In adjusted models, female survivors had poorer QOL and psychosocial health than female controls ( Fig. 1) , ranging from 31.3 % reporting fair/poor general health vs. 15.4 % of female controls, and 27.0 % reporting poor social/emotional support vs. 20.5 % of female controls. Male survivors had poorer health and more days of physical and mental impairment than male controls, but did not differ from controls on social/emotional support or life satisfaction.
Health behaviors among AYA cancer survivors and controls
In adjusted percentages in Table 2 were associated with lower levels of physical activity. Poor social/emotional support was the only factor associated with low fruit/vegetable intake among female survivors.
In Table 4 , both smoking and binge drinking decreased across age for male survivors. Uninsured male survivors had 2.62 times (95 % CI 1.71-4.02, p<0.001) higher risk of smoking than male survivors with health insurance. Compared to non-Hispanic, White survivors, binge drinking was lower for Black (RR=0.04, 95 % CI 0.00-0.40, p=0.005) and Hispanic/Latino survivors (RR=0.20, 95 % CI 0.05-0.79, p=0.02). Male survivors with low social/emotional support (RR=1.12, 95 % CI 1.01-1.23, p=0.02) ate fewer fruits and vegetables per day than their counterparts.
We ran the same models among controls (Appendix). Similar demographic, QOL, and psychosocial variables were significantly associated with health behavior as in the survivor models. In addition, other factors such as life satisfaction, which were not statistically significant in the survivors models, were associated with the controls' health behavior adherence.
Cancer-related factors associated with health behaviors
In Table 5 , compared to cervical cancer, female survivors of all other cancer diagnoses were less likely to smoke (p≤0.01). Female survivors who were in the oldest group at diagnosis (30 to 39 years) smoked less than those aged 15 to 20 years at diagnosis (RR=0.78, 95 % CI 0.64-0.96, p=0.02). Yet, female survivors were more likely to smoke the further they were from diagnosis. Binge drinking was lower among female survivors with colorectal (RR=0. 
Discussion
Tobacco use, excessive alcohol consumption, low levels of physical activity, and low fruit/vegetable intake are key behaviors related to chronic disease and mortality in the USA [20] . Studies that evaluate survivors of AYA cancers' adherence to healthy behavior guidelines are important for identifying intervention targets to improve their long-term survival and reduce their risk of second cancers [21] . Our results identify several areas of concern for this population. Survivors of AYA cancer smoke at levels greater than the general population, and in particular, many female survivors smoke in the decades following their cancer therapy. However, while we hypothesized that survivors would be less likely than the general population to meet national recommendations for other health behaviors, both physical activity adherence and fruit/ vegetable consumption, while low, are largely comparable to the general population.
To our best knowledge, no studies exist regarding smoking cessation interventions specific to survivors of AYA cancer. However, interventions using in-person or web-based strategies have been successful at engaging childhood cancer survivors in smoking cessation [22] and may be appropriate for AYA survivors. Not surprisingly, being uninsured was related to smoking among both female and male survivors and controls. In the general population, the uninsured are significantly less likely to receive smoking cessation counseling from a physician, but this issue has not been studied explicitly among AYA survivors [23] . Moreover, similar to the general population [23] , healthcare providers may be missing key opportunities to provide smoking cessation counseling to AYA cancer survivors [24] due to lack of time and focus on managing other health conditions. The Patient Protection and Affordable Care Act includes smoking cessation counseling as an essential preventive service [25] , meaning that survivors who are in need of smoking cessation services can potentially benefit from this new coverage.
Physical activity behaviors often formalize in adolescence and young adulthood [4] , and a cancer diagnosis may be particularly disruptive to maintaining an active lifestyle. Younger cancer survivors are active at lower than recommended levels, and this continues after recovery [26, 27] . We found similar low activity levels for AYA survivors in our analysis, but not at levels markedly different than the general population. However, maintaining an active lifestyle is of critical importance for survivors to reduce their risk of chronic health problems, and our analyses suggest potential areas where survivors differ from the general population related to lack of exercise. For male survivors, none of the demographic, QOL, or psychosocial health factors significantly predicted low physical activity, but these factors were significant for controls. We found similar demographic and QOL predictors of inadequate physical activity among female survivors as female controls, such as poor general health, more physical limitations, and lower social and emotional support. Yet among female controls, older age (≥65 years), minority race/ethnicity, being uninsured and dissatisfied with life were associated with non-adherence to physical activity guidelines, whereas for survivors, only Black survivors were at risk.
We recommend that future studies should evaluate more comprehensive factors such as pain and stamina that are potentially associated with lack of exercise among AYA survivors, with particular focus on identifying issues among male survivors. In addition, whether exercise intervention studies designed for the general population could be tailored to survivors remains unclear despite the similarity we found among female survivors and controls for certain factors such as social support, and this is an important area for future investigation. Research to promote and sustain physical activity for AYA cancer survivors from diagnosis through survivorship should consider creative solutions to keep survivors engaged such as internet-based physical activity interventions that have shown high feasibility and acceptability in young survivors, with moderate improvements in both physical activity and psychosocial outcomes [28] .
In addition, the importance of social support related to health behaviors cannot be understated for AYAs regardless Relative risks generated from multivariable Poisson regression analyses a Less than 5 fruits/vegetables per day of their cancer history, for whom peer and intimate partner relationships are central [3] . Between 20 and 23 % of the AYA controls in our sample reported inadequate social and emotional support, compared to 27 % of female and 25 % of male survivors. Although survivors and controls did not differ largely on social support, the cancer experience can be very isolating for AYAs [29] and peer support may provide a key way to design interventions targeted to survivors. Low support was associated with smoking, inactivity, and low fruit/ vegetable intake for female survivors, and this was similar to controls. For males, low support was associated with not meeting fruit/vegetable intake recommendations, and for controls, with smoking, inadequate physical activity, and low fruit/vegetable intake. As BRFSS only includes one general marker of social support, we suggest that future studies generate more detailed data on issues such as social isolation during treatment and survivorship and how these factors are associated with health behaviors over time for AYA survivors. Rabin et al. conducted in-depth interviews with AYA cancer survivors and found that while AYAs prioritized electronic social support interventions (e.g., an online forum) for their convenience, interventions that utilize phone or in-person meetings may be most effective at improving feelings of social engagement [30] . Thus, multi-mode health behavior interventions that consider optimal social support mechanisms may be essential to supporting AYA cancer survivors. Several cancer-related factors are important in identifying survivors at high risk for non-adherence, especially among women. Female survivors further from diagnosis were more likely to smoke, whereas male survivors may be less physically active over time. Meaning that, similar to cancer survivors in general, health behavior support is needed in the long-term for all AYA survivors [31] . Cervical cancer was the most common female cancer diagnosis in our population. Similar to an adult-focused study that included a sub-population of AYAs [32] , survivors of all other cancers were less likely to smoke than cervical cancer survivors. Male AYA survivors of colorectal cancer were less likely to meet physical activity recommendations. The reasons for these differences in health behaviors are not clear, although certain cancers may lead to barriers to exercise due to therapy (e.g., colorectal cancers with colostomy bags) or are associated with lack of insurance (e.g., cervical cancer). Certain study limitations exist. The 2009 BRFSS was administered via landline telephones and to English-or English/ Spanish-speaking participants only. Consequently, BRFSS underrepresents racial and ethnic minorities [33] , and those who do not have landline telephones [34] . Individuals in cell phone-only households may differ in regards to other demographic factors (e.g., younger age, unmarried, unemployed, and Hispanic ethnicity), as well as in their health behaviors and insurance status [35, 36] . Future research assessing health behaviors among AYA cancer survivors including those with cell phones and landlines is needed [35, 36] , as our estimates may be biased toward older, more socioeconomically stable, survivors.
In addition, the cancer subgroup analysis may be unstable, as participants with certain types of cancer are underrepresented compared to the others. BRFSS does not include information on cancer treatment or cancer stage at diagnosis. The high number of cervical cancers may be due to over-report of pre-cancerous lesions as cancer. Also, our estimates are based on survivors five or more years from diagnosis, meaning that our sample may overrepresent early stage cancers, cancers that are more responsive to treatment, or survivors with better health care access. Therefore, the sample may not be generalizable to the overall population of AYA survivors [37] . Lastly, because BRFSS is cross-sectional, we were unable to determine whether the causal link between smoking status and cancer influenced our results, as potentially more of the survivors could have had a history of smoking which affected their cancer risk.
In a nationally representative sample, we found that survivors of AYA cancers report smoking more than the general population. Social support should be considered when designing smoking cessation and other healthpromoting interventions among AYA cancer survivors. Further research is needed to evaluate how development and coping post-treatment affect health behaviors in this unique cancer population. Health promotion interventions that target modifiable health behaviors and their correlates, such as social support [30] , are a priority for improving AYA cancer survivors' long-term health and reducing morbidity and mortality [21] . In addition, we found that many of the same demographic, QOL, and psychosocial factors were significantly associated with health behaviors among controls as with the survivor models. This potentially means that health behavior interventions developed within the general population to address behavior barriers, such as social support, could be successfully applied to the AYA survivor population and are an important area for future research. Additional research is needed to investigate implications of certain cancer diagnoses/treatments on lifestyle behaviors among the growing AYA cancer survivor population. Such research can inform targeted interventions to directly motivate better health behavior decisions among survivors of AYA cancers.
